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I5 3 7 ABSTRACT 

A novel formulation of liquid propellants comprising a 
mixture of high energy ingredients consisting of bis(2- 
nuoro-2,2-dinitroethyl)arnine. bis(2-fluoroa2,2-di~jt~o~- 
thyl)formal and bis(2,2,2-trinitroethyl)formal together 
with conventional liquid fuels and propellants 10 create 
a synergistic formulation hakg new and unexpected 
physical and chemical properties. 

8 Claims? No Drawings 
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P 
LIQUID MONOPROPELLAS‘TS 

BACKGROUND OF THE INVENTION 

It is weiJ known and conventional to use Otto fuels 
5 

and other liquid fuels to propel torpedoes and other 
solid projectiles. 

It is likewise common in the liquid propeilant art to 
utilize liquid propellants for guns as well as for rocket I0 
fuel. 

There are a number of typical prob&s with these 
prior art fuels and liquid propellants including low im- 
petus, high flame temperatures and pour gas production 
per unit mass of fuel. 15 

Other liquid fuels and propellants are very sensitive 
to shock and present safety problems. Most safety prob- 
lems with liquid propellants are caused by the sensjtiv- 
ity to temperature and pressure of the material in- 
volved, 20 

It is further well known in the art that sume liquid 
propellants are extremely sensitive to shock. In addition 
many conventional explosives and propeHants lack suf- 
ficient thermal stability for use in high temperature 
environments. 25 

Conventional liquid propellants are less stable and 
more sensitive to shock than the formulations made 
according to the instant invention. 

In the Otto Fuel and Otto Fuel 11 formulations that 3O 
are presently used by the navy as torpedo propellants 
there are drawbacks, primarily because these fuels are 
extremely corrosive and present health hazards if leak- 
age is allowed tu occur. The fumes from Otrcl Fuel II 
are extremely toxic to personnel in the area, 35 

Accordingly? it is one object of the invention to for- 
mulare liquid propellants, that can be easily formulated 
and manufactur’ed in commercial quantities. 

It is also a primary object to provide Qt~o Fuel II 
formulations that combine better performance charac- 40 
teristics with lower toxicity. 

It is another object of the present invention to formu- 
late novel mixtures and compositions of liquid propel- 
lants that have improved physical and chemical proper- 
ties. 45 

IT is a further object of this invention to incorporate 
and utilize several high energy ingredients in a number 
of conventional liquid fuels and propellants, tu improve 
the energetic character&tics of the liquid propellants. 

It is another object of this invention to formulate 50 
liquid propellants that have superior thermodynamic 
properties and characteristics that give new and unex- 
petted results. 

Xt is a further object to formulate novel propellants 55 
and other similar materials including liquid propellants 
so as to yield improved safety characteristics. 

It+ is still a further object of this inventian to fomwlatc 
novel mixtures of liquid propellants with better DTA 
curves, improved test data and oven times and better 60 
auto-ignition times ufhen compared with conventional 
propellant materials. 

11 is a still further object of this invention to formulate 
torpedo propellants by increasing energetic properlies 

I while delzreasing toxicity. 65 
It is another object of this invention tc, prepare for- 

‘--, mulations that are less hazardous to personnel who are 
in cfose prozllmity IO salci Otto Fuel formulalions. 

2 
It is a still further object of this invention lo formulate 

liquid fuels and propellants that have great)v superior I 
cavity drop test results. 

It is another object of this invention to prepare and 
use formulations of liquid propellants that have greatly 
lessened sensitivitv to shock. 

It is another o&t of this invention to produce for- 

mulations of liquid propellants that have greatly in- 
creased impetus (foot, pounds per pound) while being 
combined with a lower flame temperature). 

SUMMARY OF THE INVE?VIOK 

The invention comprises the product of formulatjon 
of a high energy ingredient mixed together with con- 
ventional liquid fuels and propellants. The fotiulated 
product fields new and unexpected results. The high 
energy ingredient is a compound usually selected from 
the group consisting of bis(2-fluoro-2,2-dinitroethy~)a- 
mine, bis(2-fluoro-2,2dtitroethyl)formal, and bis(2,2,2- 
trinitroethyl)formal. Equivalent compounds selected 
from Table 1 may be substituted for these components, 
although the results may not be the same as with each 
compound but will prove satisfactory. 

In most cases the high energy ingredient is present in 
an amount varying between 5% and 75% of the total 
mixture. 

In general, the use of a compound selected from the 
group consisting of b&(2-fluoro-2.2-dinitroethyl)amine, 
bis(2-fluoro-2,2-dinitroethyl)formal, atid bis(2,2,2-trini- 
troethyl)formal, when mixed with weH-known liquid 
fuels and propeHants, will vield a formulated product 
that will have physical and chemical properties that are 
superior to either the high energy ingredient or the 
conventional fuels and propellants. 

PREFERRED EMBODIMEST 
There are several preferred embodiments of the in- 

vention. The operative compounds are set fonh and 
disclosed in Table I together with some tnergv factors. 

In one preferred embodiment. Otto Fuel. a well 
known liquid propellant used bv the U. S. Navy for 
torpedo propulsion can be fonnuiated with one or more 
compounds selected from the group consisting of bis(2- 
fluora-2.2~dinitroethyljamine, bis(2,-fluoro-2,2-dinitroe- 
thyl)formal and bis(2,2,2-trinitroethyl)formal. 

TABLE I 
Iliustratlons of the High Energy ingredient that may k 

used in the Preferred EmbMmtnt Formulations 
HP 298.15’ K. 

Abbrev. Same 
FEE0 B~slZ-fluoro-2.2dinitrocrh~l?fo~ai 
BFD!CA Bid?-ff uoro-2.2dimrrwr h yl )arnim 
TEFQ ~is(2.2.2-trinltrocthul’ffofinal 

k cal/mole 

- 179.8 
- 126.!?5 
- 96.40 

The resulting product of the formulation has much 
higher impetus than Otto Fuel II alone while increasing 
burning rates and combustion propenies. In each in- 
stance where the high energy ingredient is used in the 
range of from 5 to 75% by weight of the mixture, toxic- 
ity of Otto Fuel II iS decreased significantly. 

The experimental data illusrrating the results of the 
combination of bisl-.,.- ‘3 7 trinltroeth~liforma~. hereinafter 
referred to as TEFQ is set fortfi in Tables 11, III. Iv. V, 
VI. VII and VIII. In another preferred embodiment. 
djethyl or;alate is formulated with a compound selected 
from the group consisting of bis(2-f)uoro-2.2-dinitroe- 
tbyl)amine. bis(2-fluoro-2.2- dinitroet hyl Iformal and 
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bis(2,2,2-trinitroethyl)formaI+ This experimental data 
best illustrates the combination af mixing TEFO with 
diethyl oxalate and is set forth in Tables V, VI, and VU. 

In another preferred embodiment a compound se- 
lected from the group consisting of b&(2-fluoro-2,2- 5 
dinitroethvl)amine, bis(2-fluoro-2,2-dinitroethvl)forxnal s 
and bis(2,2,2-t~nitroetIlyl)formal is mixed witi acetone 
and methylethyl ketone. ?Ie experimental data illus- 
trating the results of the combination of TEFO, acetone 
and methylethyl ketone is set forth in Table VIII. 10 

High Energy Ingredients Formulated With Otto Fuel II 

Otto Fuel II is a liquid fuel that is now used exten- 
sively by the U.S. Navy to propel torpedoes. 

Surprisingly, it has been found that formulation of Is 
one or more of the high energy ingredients selected 
from Table I when mixed with Otto Fuel II will yield 
high energy propellants having new and unexpected 
properties. 

20 
Preparation and Testing of Otto Fuel 13 

Otto Fuel 11 is comprised of 2-nitrodiphenylamine 
prepared in accordance with MIL-x-3399; di-n-butvl 
scbacate; prepared to conform with DOD-B-82669; and 
propylene glycol dinitrate that is prepared to conform ” 
with the requirements of DOD-P4267 1. 

The chemical composition of Otto Fuel II is: A mix- 
ture of prop>*lent _elycoJ dinitrate, 24trodiphengIa- 
mine. di-n-butyl sebacate. 

30 

The detailed method of testing the propylene glycul 40 
dinirrate fur content and quality is set forth in *Metail in 
MIL-O-82652(0$), pages 4 and 5, 

The derailed methodcof testing the Wkodiphenyla- 
mine for content and quality is set forth in derail in 
MIL-0S2652(OS). pages 5, 6 and 7. 45 

The detailed method of testing the di-n-bury1 sebacate 
content and quality is set for6 in MIL-O-82672(OSj. 
pages 7 and 8. 

The detailed method of testing the sodium conlent 
and quality set forth in OD 43852 and on page 8 of 50 
M1LO82672(OS). 

EXAMPLE 1 
TEFO is prepared bs first producing trinitroethanol. 

In a second step tr&roethanol is reacted with para- 55 
formaldehvde and the crude-product is purified. I 

Typical Laboratorv Preparation 
I. Preparation of Winitroerhkol (TYEUH): 
The following ingredients were placed in a three- 60 

neck zi@ n-11 flask equipped u’ith a stirrer, thermometer. 
dropping funnel, and a bath for heating or coding: 

4 
-conkwed 

moles) 

Sulfuric acid (51.5 g of 37.5% acid) was slou*l~~ added 
from the dropping funnel into the stirring mixtuk while 
maintaining temperature of 35” C. After a one hour 
reaction time, the mixture was separated into two lay- 
ers, aqueous and organic. using a separatory funnel. 
Then the aqueous laver was extracted four times with 
methylene chloride (&.l g ponionsj and discarded. The 
organic layer, containing most of the TNEQ was com- 
bined with the extracts and the resulting mixture dried 
by azeotrupic distillation. During this drying, tbe tem- 
perature of the solution was not allowed to exceed 50” 
C. A small portion of the dried TNEOH solution was 
used to determine the reaction yield. Vacuum remot*al 
of the diluent from the sample (14-6 g) at room tempera- 
ture left 3.7g of the TNEOW (a white solid with melting 
point range of 58”~62” C)+ The TNDi was formed in 
a 90% yield. 

2. Preparation of TEFO: 
Paraformaldehyde (3.9 g) H’as dissolved in reagent 

grade concentrated sulfuric acid (110.4 g of 96.5% 
H2S04) and then slowly dripped into the well stirred 
TNEOH solution (44.9 g of TNEOH) prepared in the 
first step, above. The temperature was maintained at 20” 
to 25’ C. and the stirring continued for one hour. After 
this time interval, the sulfuric acid layer and tSle organic 
layer were separated with the aid of a separatory funnel. 
The acid layer was extracted once with methvltne chlo- 
ride (66.j g) and ihen discarded. Xext the &tract was 
combined with the organic layer. This combined solu- 
tion was washed twice. four times. and three times with 
SO ml each of, respectively. water, 3% aqueous sodium 
bicarbonate and water. After removal of the diluents bv 
using a rotary evaporator and vacuum, an off-white 
solid remained. This solid. having a melting point range 
of 59*-61’ C., was obtained in a 78% yield. 

The crude product was purified by employing a pre- 
cipitation technique. It was dissolved in ethanol (100 
ml) and then precipitated by adding wafer UOO ml). 
Filtration and vacuum drGng resulted in a 60% total 
yield of a Hthite solid. wh&~ melted at tic C. 

The TEFO produced was mixed with conventional 
Otto Fuel JI at room temperature. in the proportions by I 
weight shown in Table 11. 

The ‘X”ne results shown in this table indicate the melt- 
ing points of the TEFO - Otto Fuel II formulations. 

The results in Table 111 indicate the heats of explosion 
of four (4) different formulations of TEFO and Otto 
Fuel II. 

In the second section of Table III cavity drop tests 
results are indicated for four (4) different formulations 
of Otto Fuel XI and TEFU. 

The results in Table IV indicate the qualirv of gas 
(Moles/l00 grs), Impetus (ft-lb/lb) and 1Sp (16 xc/lb) 
for 16 different formulations of TEFQ and Orto Fuei II. 

- 

EXAMPLE 2 
TEFQ as prepared in Example 1 is mixed with con- 

ventional diethyl oxalate at room temperature. The 
results shown in Table V illustrate e@ cbl difierent 
formulations of diethyl oxalare and TEFO. 

The gas generared (moles/100 grams): impetus (fr- 
lb/lb) and Isp (1k~ec.J~‘) disciclsed in Tablr V clearI!. 
indicate new and unexpected resuk In chemical and 
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physical properties flouting from the formulation of 
Otto Fuel II with TEFO. 

EXAMPLE 3 
TEFO is mixed with a number of conventional sol- 2 

vents including diethyl oxalate, methyethyl ketone and 
acetone. The resuhs, based upon eight (8) different 
formulations is set forth in Table VI. The results in 
Table VII indicate the thermodynamic and test data on 
TEFO, diethyl oxalare, methyl ethyl ketone and ace- 10 s 
tone. 

EXAMPLE 4 
TEFO, acetone, methvlethyl ketone were mixed and 

tested. The expetimm.aidata is set fotih in Table VIII. 15 
The examples are only intended ta be illustrative, 

since obvious modifications and equivalents in the in- 
vention ~41 be evident to those skilled in the chemical 
arts, and propose to be bound solely by the appended 
claims. 20 

TAI3LE IT 
Heats of Explosion, cavity drup Test. 

Densrty. and Mcltq Point-Data 

DtnsJt?. tprs/cc 1 
TEFO 1.70 
BFDS.4 1 l ? . ‘a 

Inpredlent> 
TEFO Otto-2 Fuel Melting Pomr5 1’C.l 

102 - 36.5 
JO 90 - 39.5 

25 

30 

6 
TABLE H-continued 

Hears of Explosm. cavity drop Tes!, 
Dtnsity. and Mcltmg Pomt*Data 

8S -40.5 
80 - 42.0 
75 -43.5 
70 - 4s.o 
65 -46.5 
60 -47.0 

TABLE 111 
Percent Heats of Explosion 

Orto- Fuel TEFO NOS 365 E, @al/pram) 
loo - 732.8 
60 2 - 942.6 
50 so - 1083.5 
4u 60 - m4.7 
- loo 893.2 

Cwiry Drop Test 
Percent cm 

UttdS Fuel TEFO NO SET” (2 kilogram weight used) 

loo - - 15 
40 6u - 10.4 
50 50 3.4 

100 6 to 7 

NU SET CEGDN = 96. Diburykbacatc = 3% Ethyl (cntrahrt = 
1%) 

Densit! 
BFDS:A I .t2 
TEFO 1.70 
D?TEFO 1.63 

TABLE IV 
TEFO. Otto-2 Fuel Formulattons 

TABLE V 
Diethrl Oxalare and TEE0 Forrnula~ron~ 

Ingredient 
Diethy Oxalate 
TEFO 
Cons:. i’ol. T. (‘K.)’ 
Cam. Pre. T. (‘KY 
Gas tmoies/i00 gr51 
MPET’,:S (ft-lb,%) 
1s~ i?b-sec!Ibj 
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TABLE VI 
Ihthyl Oxatate and TEFO Formulations 

Ingredw 
Diethyl Oxalaw 32 33 34 35 36 'I- 3s 39 40 
TEFO 68 67 66 65 w ;; 62 61 a 
Const. Vol. T. (X.1 2697 2641 2574 2513 24?7 2406 2360 2318 2278 
Const. Press+ T. (OK.) 2151 20s 1 2012 1943 1st.i 1807 Ijo0 1673 la8 
Gas (molts!l00 g) 4.008 4.454 4.499 4.545 4.591 4.636 4.682 4.726 4.770 
IMPETUS (ft-lb-lb) 330923 326820 321659 316988 312614 309073 305665 29942; 
Isp,(lb-se&lb) 216.2 213.7 2r 1.2 20E.9 X6.6 204.4 202.4 200.4 198.6 

~--. ~~ 
67 64 70 65 65 65 70 
33 36 - - 17.5 23 - 

30 35 17.5 10 - 
- - 30 
2#1 2457 2335 2166 - 71r7 -c-e 23% 
2051 lS75 1327 11780 - 1677 1661 
4.545 4,591 5.333 5.3m - 4.850 S.fSD 
326820 312814 3?0?4 316929 - 318185 338127 
216.2 206.b 2OY.J 202.0 - 2W.l 208.6 
-845 - 803 -816 - - - -848 
10.5 10.f 49 - - - SO 

65 - 
20 
1s 
- 

2304 
1558 
4.980 
319318 
202.7 
-760 
49 

1.308 1.36E 1.247 - - - 1.257 1.301 
180 180 203 - - - 209 20: 
-' - -30 -2: a-45 -' -* w8 

TABLE UIT 
Acetone. McthykthyI kcrone and TEFO Fnrmulatiom 

30 

What is claimed as new and desired to be secured by 
Lerters Patent of the United Stares is: 

1. A liquid fuel formulation comprising a mixture of 
from about 5 tu 40% of a high energy ingredient se- 
leered from the group consistine of bisNIuoro-2,2- 50 
dinitroethyl)amine? bis(2-fluoro-2r2-dinitroethvl)forma~ I 
and bis(~.2.2-rrinitroeth~l)forma), and 

from 60 to 95 52 of a ‘mixture of propylene &co1 
dinitrate. 24trodiphenvlamine and di-n-bury1 seb- 5T I w 
acatc. w 

8 

2. A liquid fuel formulation comprising a mixture of a 
high encrgv ingredient selected from the group consist- 
ing of bis(i-fluoro-2 J-dinitroethyl) amine, bis(2-fIuoro- 
2,24titroethyl) formal and bis(2,2.2-trinitroethyl) for- 
mal mixed with diethyl oxalate and methyl ethyl ke- 
tone. 

3+ The formulation of claim 2 wherein the amount of 
the high energy ingredient is in the range of 50 to 90%. 

4. A liquid fuel composition comprising a mixture of 
propylene glycol dinitrate. 2 nitrodiphenyIamine and 
di-n-butyl sebacate with bis (2,2.2-trinitroethyl) formal. 

5. The composition of claim 4 wherein the amount of 
the bis (2,2,2&nitroethyI) formal is wfithin the Irange of 
10% to 40% by weight. 

6. A liquid fuel composition comprising a mixture of 
a high energy ingredient selected from the group con- 
sisting of bis (2-fluoromc.A 7 3-dinitroethyl) amine. bis(2- 
fluoro-2.2-dinitroethvl) formal and bis(2,2.2-trinitro- 
ethyl) formal mixed l Cth a small quantity of a melting 
point depressant selected from the group consisting 
acetone, methyl ethyl ketone and diethy oxalate. 

7. The liquid fuel formulation of claim 6 wherein the 
amount of the high energy ingredient varies between 30 
and 90% of the mixture. 

8. The liquid fuel of claim 6 wherein the amount of 
the melting point depressant varies between 10 and 30% 
by weight of the total mixture. 

8 L l l l 


